Resistance of carnation to Fusarium wilt (Fusarium oxysporum f. sp. dianthi) is of major importance for breeding new cultivars. New germplasm and combination between ornamental traits and high resistance to Fusaruim wilt is a main achievement in the selection of this crop. The investigation of the response of parental forms and new selected hybrid material is a main step in breeding programs. Interspecific hybridization of carnation allows increasing the diversity in germplasm. Five spray carnation cultivars and two breeding lines of D. caryophyllus f. spray Hort. (Krassina, Regina, Fea, Naslada, Barbara, L-169 and L-230) used as a mother plant and seven Dianthus species used as a father plant (D. carthusianorum, D. gratianopolitanus, D. sequieri, D. knappii, D. silvestris, D. plumarius and D. chinensis) were evaluated for their resistance to Fusarium wilt after artificial inoculation with the causal pathogen of the disease. The resistance of wild Dianthus species is much lower compared to this of spray carnation cultivars. Hybridisation was performed after castration and compulsory, forced pollination with pollen collected from different species under isolation. All tested breeding lines showed a very high level of resistance to F. oxysporum f. sp. dianthi. The level of resistance in F 1 and BC 1 is variable. Clones of individual plants in some crosses showed a very high level of resistance, reaching complete resistance. Interspecific hybridization gives an opportunity to select plant forms combining variable ornamental traits with high level of resistance to Fusarium wilt.
Introduction
Fusarium wilt (Fusarium oxysporum f. sp. dianthi) causes enormous losses in production of cut flowers and planting material. Actually a large diversity of carnation cultivars that differ in shape, size and color can be found on the market. The carnation cultivars (SIM, Chabaud) and spray carnation cultivars grown in Bulgaria are more or less susceptible to the pathogen. Crosses between genetically related cultivars increases the possibility of Fusarium wilt to spread. Breeders work on a narrow genetical base of resistance to F. oxysporum f. sp. dianthi and need to enlarge the genetic base for this resistance. Interspecific hybridization allows increasing the germplasm diversity. New groups of carnation have been selected as a result of the application of many selection schemes. Interspecific hybrids are of the same quality as already distributed cultivars. The introduction of wild species in selection processes leads to increased resistance of carnation to abiotic and biotic stress. Lenne and Wood (1991) proved that wild germplasm clearly demonstrated a wider spectrum of mechanisms of genetically encoded resistance, and in most cases monogenic resistance is of short duration but polygenic resistance is durable. The interaction between wild species and pathogens in carnation is not studied in depth.
In Bulgaria the selection of carnation has a history of 30 years and a group of Bulgarian carnation cultivars has been selected (Atanassova and Batchvarova, 1995) . The first cultivars of spray carnation were registered in 1992 and since then they increased to eight. Those cultivars of spray carnation, as well as some wild species of the genus Dianthus were used as sources for remote hybridization. As a result of crosses between cultivars of spray carnation (D. caryophyllus f. spray Hort.) and wild species (D. chinensis, D. carthusianorum, D. gratianopolitanus, D. sequieri, D. knappii, D. silvestris, D. plumarius) interspecific hybrids were obtained.
New germplasm and combinations between ornamental traits and high resistance to Fusaruim wilt is a main achievement in selection programs of carnation during the last six -seven years.
The purpose of this study was to evaluate some interspecific hybrid spray carnation forms for their resistance to F. oxysporum f. sp. dianthi and to show the possibilities of introducing the ornamental traits and resistance to Fusarium wilt at the same time in spray carnation cultivars.
Materials and Methods

Plant material
The Bulgarian spray carnation cultivars (D. caryophyllus f. spray Hort.) "Krassina", "Regina", "Fea", "Naslada" and the introduced cultivar "Barbara" were used as mother plants. As father plants the wild species D. carthusianorum, D. gratianopolitanus, D. sequieri, D. knappii, D. silvestris and D. plumarius , and cultivated forms of D. chinensis were used. Hybridization was maintained after castration and compulsory, forced pollination was done with pollen collected from different species under isolation. Many interspecific hybrids (F 1 , BC 1 crosses) were obtained. After crossing elite cultivars and wild species, individual F 1 hybrids were selected for their ornamental quality and clones were obtained by vegetative propagation. These clones were later tested for resistance to Fusarium wilt. All the breeding procedures were carried out in the Institute of Floriculture, Negovan, Bulgaria.
Inoculation procedure
Tests for resistance to F. oxysporum f. sp. dianthi were performed in the Institute of Genetic Engineering, Kostinbrod, under laboratory conditions. Cuttings were inoculated by spore suspensions of F. oxysporum f. sp. dianthi race 2. The fungus was grown on potato-dextrose agar (PDA) for two weeks in dark at 26 o C. Spore suspensions were obtained and adjusted to 10 7 conidia per ml according to Neimann and Baayen (1989) . Ten cuttings of each Dianthus species, cultivar, line or clone were placed in 30 ml of a suspension culture of the fungus at 25 o C and under natural daylight. The experiment was conducted in two replicates. Evaluation of resistance was performed twice -5 and 10 days after starting the experiment. The level of resistance (infection) of the plants was estimated by the scale of Neimann and Baayen (1989) with some modifications. All cuttings were classified in four groups according to the following scale:
Group 0 -visibly healthy plants Group I -Scale 1 -beginning of brown discoloration of the first internodes is observed; -Scale 2 -half of brown discoloration of the first internodes is observed; -Scale 3 -completely brown xylem of the first internodes is observed; Group II -Scale 4 -second internodes are brownish; -Scale 5 -second internodes are infected and brown, discoloration is observed -Scale 6 -third internodes are infected and brown; -Scale 7 -brown discoloration of the xylem is observed up to two third of the cuttings;
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Group III -Scale 8 -first half of the upper third of the cutting is heavy brown coloured; -Scale 9 -second half of the upper third of the cutting is heavy brown coloured; -Scale 10 -plants, which died.
The cutting, which showed resistance as a result of the inoculation test, were surface sterilized by HgCl 2 0.1 % for 2.5 min and checked for the presence of F. oxysporum f. sp. dianthi race 2 by common re-isolation procedure on PDA agar.
Results
All cuttings originating from one line or species showed quite uniform responses to inoculation and there was no difference between the cuttings within one line, cultivar or species according to the level of infection. Very clear differences were found in the resistance to Fusarium wilt between cultivars of D. caryophyllus f. spray Hort. and wild Dianthus species (Table 1 ). The cuttings of resistant cultivars showed no brownish stem or wilting, but the cuttings from susceptible Dianthus species were completely wilted, necrotic and covered by the pathogen (Figure 1 ). All tested D. caryophyllus f. spray cultivars and breeding lines showed a very high level of resistance to F. oxysporum f. sp. dianthi (group I-1). The resistance of wild Dianthus species is much lower comparing to this of spray carnation cultivars (Table 1) BC crosses were performed to increase the genetic variability and ornamental qualities. The level of resistance in BC 1 is also variable (Table 3) . Some of the individuals in crosses between cv. "Niki" x D. silvestris showed a very high level of resistance reaching complete resistance. The clone cv. "Niki" x D. silvestris (67-4) had the highest level of resistance -group 0). The plants of other BC 1 crosses mainly belonged to group II and I, as the F 1 hybrids.
As a result of re-isolation procedure, F. oxysporum f. sp. dianthi race 2 or any other pathogen did not develop from the carnation cutting showed resistance.
Discussion
Fusarium wilt causes severe yield losses in susceptible carnation cultivars. The pathogen is present in the soil and may affect the plants grown as a monoculture every time of the season (Ben-Yephet et al., 1996b) . The most important factor influencing wilt development is the cultivar. Highly resistant cultivars with good ornamental qualities are very profitable for the growers.
The response of carnation cultivars to F. oxysporum f. sp. dianthi is sustainably influenced by the environmental conditions of the test as inoculum, solar radiation intensity and temperature (Ben-Yephet et al., 1996a) . Under controlled conditions, the most severe epidemics developed at low radiation intensities and at temperatures close to 25 to 26 o C. That is why temperature of 25 o C and indirect daylight were chosen for our test and since the infection potential was very high, we consider the non infected plants as 116 really resistant ones. But Ben-Yephet et al. (1996b) showed that increases in the population density of F. oxysporum f. sp. dianthi in the soil, in relation to the amount of the initial inoculum, occurred for the highly susceptible, susceptible and moderately resistant cultivars, but not for the highly resistant cultivars.
Microconidia of F. oxysporum f. sp. dianthi are carried passively into stems of a resistant carnation cultivar within 24 h after immersing cut ends of the roots in a conidial suspension (Baayen and De Maat, 1987) . Therefore, no expression of disease symptoms not necessarily indicates that the pathogen has failed to infect the host (Ben-Yephet et al., 1997) . But no pathogen was isolated from cuttings that showed resistance in the inoculation test used in this study.
Our experiments showed that interspecific hybridization gives an opportunity to select individual plant with variable ornamental traits, but with a high level of resistance to Fusarium wilt. This could be a major element in the strategy for the development of an effective management of this disease. Lines with complete resistance combined with high ornamental qualities, as those in our study, are of very big importance for breeding programs. 
